Abstract. Some block disjoint difference families are constructed in rings with the property that there are k distinct units u it 0 < i < k -1, such that differences u t -Uj (0 < i < j < k -1) are all units. These constructions are utilized to produce a large number of classes of resolvable block designs.
Introduction

A balanced incomplete block design (or, design) B(k, λ\ ι;) is a pair (i^9 3$)
where 1^ is a set of v points (called treatments), and ^ is a collection of subsets (called blocks) of i^9 each of size fe, such that every pair of distinct points from 1^ is contained in exactly λ blocks. Note that λ is called the index.
One way of investigating the structure of a design is to look at its "symmetry", which can be formalized as the automorphism group of the design. Let (f, $) be a design and let φii^^i^ be a bijection. i=l If devJ^ is a £(/c, λ; u), it is said that ίF is a (k 9 λ' 9 v) difference family, denoted by ZλF(fc, λ\ v) 9 and the sets B ί9 ... 9 B t are called iαse blocks (or blocks). The group G is contained in the automorphism group of dev A type of internal structure stems from the notion of parallel lines in the Euclidean plane. A design B(k 9 λ; v) is said to be resolvable if the collection of blocks can be partitioned into parallel classes which in turn partition the point set. The design is denoted by RB (k, λ; v) . An RB(k, λ\ v'} (iΓ', &) is called a subdesign of an RB(k, λ\ v) (T, @) if ΊT 9 c V and each of the parallel classes of the former one is a subset of one parallel class of the latter one.
A connection between difference families and resolvable designs is stated in the following theorem. By a ring R we mean a commutative ring with an identity in which the identity does not equal zero. Recall that U(R), the units of R, forms a group under ring multiplication. The block disjoint difference families over the ring with the property required as in Theorem 1.1 will be denoted by DF*(k, λ\ v). The present paper will focus on the construction problem of DF*(k, λ; v), and then provide some infinite classes of resolvable designs.
Some known DF*(k, λ; v)'s
A difference set D(k, λ; v) is a difference family DF(k, λ\ ι;) consisting of a single base block. All difference sets can be regarded as block disjoint difference families. It is obvious that a block disjoint DF(k, λ; q) over a field GF(q) is a DF*(fc, λ; q). Hence a D(fe, λ; q) over a field GF(q) is a DF*(fc, λ q). We here mainly concern the construction of the difference families with more than one base blocks.
Ray-Chaudhuri and Wilson [5] constructed a DF*(/c, l q) in GF(q) to prove the asymptotical sufficiency for the existence of resolvable designs with index unity. The following generalized form was given by Schellenberg [6] (see also [4] In the next section, we shall construct more DF*(k, λ; ι?)'s which will be used to produce new resolvable designs.
More DF*(k, A; v)'s
Recursive methods of construction will be presented at first. By a list we mean a collection of elements in which each element occurs non-negative times. We use the notation (x l9 ... 9 x s ). The order is not taken into account in our lists. If X h i=l, 2,...,f, are lists, then the notation X) =1 Xt is used to denote the concatenation of the lists. In some case it can be determined whether or not an arbitrary collection of blocks & will be a difference family, by the following procedure: Let B be a subset of G. Then define the list of differences from B to be the list ΔB = (a -b: α, be5, a Φ b). Now we consider a more general problem of finding blocks B c GF(q) whose list of differences is distributed in some given manner. Let P Γ be a set of ordered pairs {(i 9 j): 1 <ι'<7<r}. Then define a choice to be any map C: P r^> J^e 9 assigning to each pair (i,j)eP r a coset C(i, 7) modulo the eth powers in GF(q). An r-tuple (a l9 ...,a r ) of elements of GF(q) is said to be consistent with the choice C if and only if α,--a t e C(i, j) for all 1 < i <j < r.
In this case, Wilson [7] proved the following. Using this lemma, the following can be given. There is more possibility of using the multiplicative structure of finite fields to ease the task of construction of Z)F*(fc, λ\ q)'s. For example, we have the following. We can also construct ZλF*(/c, λ\ v) from rings. The following is basic in this manner. The condition that sB + -sB is always satisfied when k is odd and the additive group of the ring contains no non-zero elements which are their own inverse. This can be given in the following form. ( REMARK. A method using difference families is utilized to provide individual examples or infinite classes of resolvable designs, but their index λ and/or number of points v are restricted by k. It is meaningful to find more DF*(k 9 λ', v) in which v is not large and λ is without such restriction.
